Abstract. Many environmental factors, such as stratospheric ozone, aerosols, and clouds, may affect ultraviolet (UV) irradiance. The aim of this study is to investigate the possible association between ultraviolet B (UVB) radiation and total cloud amount, ozone, and aerosols simultaneously, leading to the assessment of possible impacts of climate change on UVB flux variations in the continental United States (U.S.). Spatiotemporal correlation analyses were conducted, based on data collected from the Total Ozone Mapping Spectrometer (TOMS) and the International Satellite Cloud Climatology Project (ISCCP), with a geographic information system (GIS). Findings indicate that in the past 22 years, while ozone decreased and aerosols increased across the U.S., the UVB decrease in the northern states was consistent with an increase in aerosols and total cloud amount. Therefore, to some extent, the trend characteristics of UVB over the U.S. between 1980 and 2002 were simultaneously affected by such dominant factors as total ozone and by such auxiliary factors as aerosol and total cloud amount. Climate change impact resulting in higher total cloud amount in the northern states might result in lower UVB in the future.
INTRODUCTION
Changes in the Earth's atmosphere caused by anthropogenic and natural pollutants have led to a well-documented decline in the stratospheric ozone layer and a corresponding increase in ultraviolet (UV) irradiance at the Earth's surface at higher 736 gao et al.
latitudes (Kerr and Fioletov, 2008) . The amount of ultraviolet radiation penetrating the stratospheric ozone layer to the Earth's surface with wavelengths shorter than 320 nm-ultraviolet B (UVB)-can be reduced by ozone absorption, aerosols, clouds, ground albedo, altitude, and Rayleigh scattering in the atmosphere (Herman et al., 1997) . However, the amount of solar radiation reaching the Earth's surface or reflecting back to space is primarily governed by the amount of cloud cover and, to a much lesser extent, by Rayleigh scattering, aerosols, and various absorbing gases (e.g., O 3 , NO 2 , H 2 O) (Herman et al., 2009) .
Satellite UV retrievals are developed using the Total Ozone Mapping Spectrometer (TOMS) on board the National Aeronautical and Space Administration (NASA) Nimbus 7 satellite to provide continuous spatial coverage of the entire planet. Spaceborne observations can also provide information about two key parameters that determine UV irradiance: total ozone amount and the cloud transmittance, or reflectivity. Consequently, TOMS, which has provided both total ozone and cloud reflectivity measurements since the late 1970s, is an important source of derived UV data (Lapeta et al., 2000; Gao et al., 2001; Fioletov et al., 2002) . Clouds that are intimately linked with precipitation have a large influence on the surface energy budget and evapotranspiration; thus, clouds may be used as a global index to address long-term climate change.
To track the changes in total cloud amount, the International Satellite Cloud Climatology Project (ISCCP), which collects weather satellite radiance measurements, offers cloud data that can be used to infer climate change patterns (Wylie et al., 2005) . Global warming would definitely influence the mechanisms that result in warm and cold cloud formation and precipitation trends, thereby affecting the UVB flux at the ground level (Bordewijk et al., 1995) . The scientific question regarding how climate change impacts associated with varying total cloud amount may affect surface UVB fluxes as total ozone varies simultaneously remains unclear. As a consequence, to deal with this intertwined issue, it is essential to review the change of total ozone and total cloud amount data simultaneously when assessing the surface UVB fluxes spatially and temporally. Reinsel et al. (1994) performed a seasonal trend analysis of zonal averages of TOMS satellite total ozone data for a comparable time period from 1978 to 1991 and confirmed moderately close agreement between trends in Dobson station total ozone data and TOMS data over this period. Trends for the period of 1979-1994 are about 1.5% per decade stronger in the northern and southern middle and high latitudes than the trends in the early and middle 1970s, highlighting a substantial acceleration of the rate of ozone decline (Reinsel et al., 1994) . Allen and Reck (1997) investigated the spatial and seasonal distributions of daily fluctuations in total ozone from 60° N to 60° S Latitude using 14.5 years of TOMS data on a 50° × 150° longitude grid. The contributions to these fluctuations from planetary-and medium-scale waves were analyzed using sinusoidal zonal wave filtering. They found that tropical total ozone fluctuations due to planetary-scale waves are slightly larger than those due to medium-scale waves in all seasons. Tourpali et al. (1997) examined the rate of change in the total ozone decline observed during past years over both the Northern and Southern hemispheres. In their analysis, the zonal mean total ozone decreased during the last two decades relative to the corresponding mean ozone levels during the undisturbed period of [1964] [1965] [1966] [1967] [1968] [1969] [1970] [1971] [1972] [1973] . Long-term covariation of UVB and total ozone based on an integrated database of the TOMS satellite images and the U.S. Department of Agriculture's (USDA) ground-based sensors and sensor network were examined for the purpose of comparison (Gao et al., 2010a (Gao et al., , 2010b . The values of the ultraviolet index (UVI) derived by these two sensor systems agree with each other to the extent that either may be used to support civilian applications, such as public health, agricultural, environmental, or ecological analyses. Additionally, Koelemeijer and Stammes (1999) investigated the influence of errors in cloud parameters on the retrieved ozone column by performing a sensitivity study with a detailed radiative transfer model that included polarization. They showed that clouds influenced the retrieved ozone column via effects of cloud top height, cloud albedo, and cloud fraction. The errors in the retrieved ozone column were within 8, 6, and 5% for solar zenith angles of 30°, 60°, and 75°, respectively.
Ground truth data collection to support estimates of the daily UV erythemal doses and total column ozone is critical for data verification. Gao et al. (2001) developed a methodology for direct-sun ozone retrieval using the ultraviolet multifilter rotating shadow-bandradiometer (UV-MFRSR). This approach allows the real-time measurement of total vertical column ozone at ground-based stations; three such stations were tracked in this study. This capability supports advanced intercomparisons between the daily UV erythemal doses and total column ozone calculated with any spaceborne data and observations at the USDA ground-based network, as was pursued in the study reported here. In our study, the impacts of time-series influential factors such as total ozone, total cloud amount, and aerosols on UVB were investigated and the UVB spatial distribution patterns were analyzed based on TOMS data to explore the causal or differential effect between the changes of total cloud amount and their degree of impact on UVB. Because TOMS data exhibit spatial continuity, whereas the USDA ground-based sensor network can only provide point measurements, we chose TOMS data to carry out this study.
MATERIALS AND METHODS

TOMS Data and ISCCP Data
In contrast to ground observations, satellites provide complete global coverage at a moderate resolution with standardized sensors. UV has been observed from space for more than 30 years. Early satellite UV measurements were made by the Backscatter Ultraviolet (BUV) sensor on board the Nimbus 4, which was launched in 1970 and continued functioning for several years. Nimbus 7 provided the longest high-quality UV spaceborne observation with TOMS (i.e., version 8.0) from 1978 to 1993. This dataset can be used to monitor long-term trends in total column ozone and to investigate seasonal chemical depletions in ozone occurring in both the Southern and Northern Hemisphere polar springs (Herman et al., 1997) .
The data on total cloud amount used in this study are derived from ISCCP, established in 1982 as part of the World Climate Research Programme (WCRP) to collect and analyze satellite radiance measurements to infer the global distribution of clouds, their properties, and their diurnal, seasonal, and interannual variations. Data collection began on 1 July 1983 ran through 30 June 2010. The resulting datasets and analysis products are being used to improve understanding and modeling of the role of clouds in climate, with the primary focus on elucidating the effects of clouds on the radiation balance. These data can also be used to support many other cloud studies for promoting the understanding of the hydrological cycle.
Describing the Analysis Geographic Regions
With the availability of TOMS data (Version 8.0) , the monthly 4 km spatial data of UVI, ozone, and the Aerosol Index (AI) can be retrieved to complete the long-term analysis in the continental U.S. With the availability of ISCCP total cloud amount data (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) for the U.S., the monthly 4 km spatial data of total cloud amounts can be generated via spatial interpolation, projection transformation, and cutting with the aid of geographical information system (GIS) ArcInfo software. To facilitate the spatiotemporal analysis, the U.S. was divided into the nine regions adopted by the Centers for Disease Control and Prevention (CDC): (1) New England (Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, and Vermont); (2) Middle Atlantic (New Jersey, New York, and Pennsylvania); (3) East North Central (Illinois, Indiana, Michigan, Detroit, Ohio, and Wisconsin); (4) West North Central (Iowa, Kansas, Minnesota, Missouri, Nebraska, North Dakota, and South Dakota); (5) South Atlantic (Delaware, District of Columbia, Florida, Georgia, Maryland, North Carolina, South Carolina, Virginia, and West Virginia); (6) East South Central (Alabama, Kentucky, Mississippi, and Tennessee); (7) West South Central (Arkansas, Louisiana, Oklahoma, and Texas); (8) Mountain (Arizona, Colorado, Idaho, Montana, Nevada, New Mexico, Utah, and Wyoming); and (9) Pacific-West (California, Oregon, and Washington). Although these regions mix both ecozones and climate zones, they are more consistent with public heath considerations because UVB is closely related to melanoma studies in the U.S.
The monthly and annual means of UVI, total ozone, aerosols, and total cloud amount were extracted from the spatial data in all nine regions to analyze the global trends via spatiotemporal correlation analyses in this study. Spatial analysis techniques were used to describe the spatial changes of UVB and the spatial relationships between possible influencing factors and UVB with the aid of ArcInfo software. By analyzing the temporal and spatial changes between UVB and possible influencing factors, the dominant causes leading to the temporal and spatial variations of UVB in the U.S. can be highlighted.
Parameters
The parameter of the total column ozone retrieved from satellite data uses a normalized radiance, which is defined as the ratio of the backscattered Earth radiance to the incident solar irradiance. Calculating this ratio requires periodic measurements of the solar irradiance. To measure the incident solar irradiance, the TOMS scanner is positioned to view an aluminum diffuser plate that reflects sunlight into the instrument. Retrieval of total column ozone is based on a comparison between the measured normalized radiances and radiances derived by radiative transfer calculations for different ozone amounts and the conditions of the measurement (McPeters et al., 1998) .
UVI is another important parameter of interest in this study. The Erythemal Exposure data product of TOMS is an estimate of the daily integrated ultraviolet irradiance, calculated using a model of the susceptibility of Caucasian skin to sunburn (erythema). This can be interpreted as an index of the potential for biological damage due to solar irradiation, given the column ozone amount and cloud conditions on each day. The Erythemal Exposure (Exp) is defined by the integral (McPeters et al.,1998) : ; t sr and t ss are the time of sunrise and sunset, in radians; C is the cloud attenuation factor, unitless; τ c1 is the cloud optical thickness, in mbar;  is the solar zenith angle (function of time, t), in radians; and F is the spectral irradiance at the surface under clear skies, normalized to unit solar spectral irradiance at the top of the atmosphere, unitless. For UV-induced erythema, the action spectrum adopted by most international organizations is the Commission Internationale de l'Éclairage, International Commission on Illumination (CIE) action spectrum (E), using the method described by Diffey (1987a, 1987b) . The UVI itself is an irradiance scale computed by multiplying the CIE irradiance in watts m −2 by 40 (Environment Canada, 2008) .
The TOMS AI measures the difference between the wavelength dependence of backscattered UV radiation from an atmosphere containing aerosols (Mie scattering, Rayleigh scattering, and absorption) and that of a pure molecular atmosphere (pure Rayleigh scattering). Quantitatively, the AI is defined as: where I 360 Meas is the measured 360 nm EP-TOMS radiance and I 360 Calc is the calculated 360 nm EP-TOMS radiance for a Rayleigh atmosphere. Under most conditions, the AI is positive for absorbing aerosols and negative for nonabsorbing aerosols (Herman et al., 2009 ).
Statistical Methods
To analyze the global trends and spatiotemporal patterns of UVB in relation to total cloud amount and aerosols, some spatial statistical methods such as the coefficient of variation (CoV), correlation coefficient, and the slope of a linear regression equation were employed in this analysis. In statistics, the CoV is computed as the standard deviation (σ) divided by the mean (μ) of the time series data (Milich and Weiss, 2000; Vicente-Serrano et al., 2006; Sun et al., 2010) as follows:
,
in which n is the total number of the pixels in remote sensing images in our study. For pattern analysis, group heterogeneity of pixels increases turnover rates. The formulas of the Pearson product-moment correlation coefficient represents a measure of the strength of the linear relationship between two variables (X and Y), which is defined in terms of the (sample) covariance of the variables divided by their (sample) standard deviations. It describes a broad class of statistical dependence relationships between two or more random variables or observed data values:
where, in the above equations (3) and (4), X i is the i th sample (value) of a variable (pixel); n is the number of samples; X is average value of this sample; Y i is the i th sample (value) of a variable (pixel); and Y is average value of this sample.
However, regardless of the true pattern of association between two random variables, a linear regression model between CoV and time may provide further insight into spatiotemporal patterns based on the slope of equation (5):
where β is the slope; α is a constant in the prescribed linear regression equation; t i is the i th year; m is the number of years; t is average value of years; z i is the i th sample (value) of a variable (pixel); and z is the average value of this sample. If the slope (β) of this regression exhibits a negative sign, showing a statistically decreasing trend over time, we can conclude that the temporal variability of a parameter (UVI or total cloud amount) was declining; conversely, if the slope (β) of this regression line shows a positive sign, indicating a statistically increasing trend, we can conclude that the temporal variability of a parameter (UVI or total cloud amount) was increasing. With these equations, we analyzed the changes or trend of UVB, total ozone, AI, and total cloud amount with time-series data using the GIS spatial analysis method (i.e., ArcInfo software) and the spatial statistical analysis with the aid of SPSS software.
RESULTS
Seasonal UVB changes over different locations are caused by a series of complex factors, including solar activity, solar zenith angle, altitude and latitude, atmospheric absorption (the absorption of O 3 , SO 2 , and NO 2 ), scattering (the Rayleigh scattering of air molecules and the Mie scattering of clouds and aerosol particles), and surface reflection. All of the atmospheric molecules, clouds, and aerosols have an additive ultraviolet b fluxes in the u.s.
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effect on UVB of absorption and scattering; however, each plays a dominant role at a certain time. Such a combination resulted in the decadal changes of UVB across the U.S.
The factors affecting UVI variations are complex, and their spatial and temporal changes are diverse at the decadal scale; therefore, there is a certain degree of difficulty in fully describing the characteristics and causes of UV variations when using both methods of field measurements and model simulation (Ilyas, 1987; Bais et al., 1993) . The long-term changes of UVI were not driven entirely by a single factor, such as total ozone, but rather by a combination of total cloud amount, aerosols, albedo, and other factors, as well as geographical location and elevation. The relative importance of these factors to UVI depends on the varying situations that compound the investigation.
Temporal Trends of UVB and Possible Influencing Factors
Three datasets associated with two time periods were generated in nine regions to retrieve the means of UVI, ozone, aerosols, and total cloud amounts. Because the Earth Probe TOMS experienced technical problems, resulting in missing data between 1993 and 1996 and errors in data after 2002, the two time periods 1987-1992 (period I) and 1997-2002 (period II) were adopted in our study to smooth out the timeline. Using scatter plots covering the U.S., we calculated the correlation coefficients between UVI and three identified influencing factors for each region: total ozone, cloud amount, and aerosols. These efforts highlighted the changes of UVB in association with the temporal and spatial features of these three influencing factors and their effects on UVB.
UVI was lower in period I than in period II in all regions except the West North Central region (Table 1) . UVI calculations for the entire U.S. over the two periods generated temporal averages of 5.34 in period I and 5.41 in period II. UVI values in period II increased 1.31% over those in period I. By comparing total ozone changes of period I and period II, we found that total ozone decreased significantly in all nine regions. The total ozone averages for the U.S. over the two periods were 312.6 DU in period I and 305.1 DU in period II; overall, the total ozone over the U.S. in period II decreased 2.4% relative to period I. This observational trend is not consistent with the changing trend of UVI; something else was affecting the UVI variations. Our focus thus shifted to pinpointing the impacts of total cloud amount and aerosol index on UVI ( Table 2) . Changes of total cloud amount over the two periods were relatively complex across the nine regions due to weather patterns at the continental scale. In three of the nine regions (New England, Mountain, and Pacific-West), the total cloud amount in period I was lower than that in period II. Overall, across the U.S. the averages of total cloud amount were 81.2% in period I and 81.6% in period II. The total cloud amount in period II increased 0.49% relative to that in period I. This continuous increase may partially support the climate change impact on UVB as a possible cause of a UVB decrease in period II.
In addition to the total cloud amounts, the AI is deemed another influential factor. Across the U.S., the averages of AI were 1.59 in period I and 3.55 in period II. The AI increased 66.4% in period II relative to Period I, a finding that could explain the UVB decrease in period II to some extent. In the past 22 years, total ozone decreased, aerosols increased, and total cloud amount increased, which led to gradually increased UVB from period I to period II. Time series data of UVI, total ozone, AI, and total cloud amount can then be summarized based on the extracted mean of each parameter on a yearly basis for further comparisons (Fig. 1-3 ). This summary reveals the cumulative effect of three influential factors: total ozone, total cloud amount, and aerosols. Collectively, the UVB, aerosol, and total cloud amount in period II increased relative to levels in period I over the U.S. (Tables 1-2; Figs. 1-3 ), yet concurrently, total ozone decreased. Although UVB and total cloud amount decreased in certain local areas, the increasing trend of aerosols was offset by the decrease in total ozone across the U.S. over the same time frame. 
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In general, the spatial distribution of the mean UVI difference between period II and period I (Fig. 4) shows that the area with increased UVI accounted for 67% of the entire contiguous area of the U.S., the areas with unchanged UVI accounted for 2.52%, and the area with decreased UVI accounted for 30.25%. The areas with increased UVB 
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radiation were mainly distributed in the south-central part of the Rocky Mountains, the southern area of the West North Central, and the south-central part of the East South Central and central portion of the South Atlantic region. The area with decreased UVB radiation was centered in the West North Central region. The difference in total ozone between period I and period II also was mapped (Fig. 5) for summary statistics. The areas with decreased total ozone accounted for 100% of the continental U.S., and the rate of total ozone reduction exhibited a gradient from southeast to northwest.
The summary map of total cloud amount (Fig. 6) shows the difference between period II and period I. Areas with increased total cloud amount are mainly situated at the north-central US, including West North Central, East North Central, Middle Atlantic, West South Central, East South Central, and South Atlantic regions, accounting for about 61.6% of the entire U.S. Areas with decreased total cloud amounts are distributed in the southern portion of the Pacific-West, the Mountain region, and New England, accounting for about 34.6% of the U.S. Areas with unchanged total cloud amounts accounted for about 3.78% of the country. In addition, a map of the difference in AI between period II and period I (Fig.7) shows that areas with increased AI of ≤2.0 units accounted for 70.2% of the U.S., mainly distributed in the eastern and central regions. The areas with increased AI of >2.0 units accounted for 29.67% of the U.S., and were found mainly in the western Rocky Mountains and northern Great Plains.
Overall, the northern areas with decreased UVB (the north of the Pacific-West region, the northern Mountain region, the northern portion of the West North Central and East North Central regions) were highly associated with areas of increased total 
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cloud amount and AI. Analyses clearly show that total ozone was decreasing as the AI (aerosols) was increasing in period II (compared to period I) over the U.S. (Figs.  4-7) , but the changes of UVB and total cloud amount were even more complex. More than 60% of the entire contiguous U.S. exhibited an increase in the UVB and total cloud amount, while the remaining 30% had a declining UVB and total cloud amount. Therefore, spatial variations of UVB have some relevance to changes of total cloud amount. Thus, our hypothesis can be confirmed that the increase in total cloud amount and AI led to decreased UVB after 1997 regardless of the impact from the decrease of total ozone.
Spatiotemporal Covariations between UVB and Total Cloud Amount
As discussed earlier, although the UVB and total cloud amount decreased in some areas, the increasing trend of aerosols was offset by the decreasing trend of total ozone over the U.S. within the same time frame. However, the spatial variations and trends of UVB and total cloud amount may be correlated with each other such that the impact of total cloud amount on UVB may be quantified with the aid of spatial statistics including CoV, the correlation coefficient, and the slope of a linear regression equation. The CoVs of UVB and total cloud amount of each pixel were calculated over the U.S. (Figs. 8 and 9 ). In each period, the areas with larger CoV values showed that interannual variations of UVB and total cloud amount were significant in these areas. Conversely, the areas with smaller CoV values showed that interannual variations of UVB and total cloud amount were not substantial in these areas.
The interannual variations of UVB in the central and southern Mountain region, West South Central region, and eastern coastal portions of the South Atlantic region with greater CoVs were significant (Figs. 8 and 9 ), yet the interannual variations of UVB were weak in the Mountain region, Pacific-West region, West North Central region, and northern East North Central region with smaller CoVs. Further, the interannual variations of total cloud amount were greater in the Pacific-West region and Mountain region with larger CoVs. The interannual variations of total cloud amount were not substantial in other regions with smaller CoVs.
The slope of a regression model between CoVs of each pixel associated with UVI or total cloud amount and time were calculated the U.S. for further evaluation (Fig. 10 and Fig. 11 ). Areas with negative slope values indicate that the UVB and total cloud amount were simultaneously decreasing over time, whereas areas with positive slope values indicate that the UVB and total cloud amount were simultaneously increasing over time. A negative slope of the UVI CoV can be found in the Mountain region, Pacific-West region, and West North Central region (Figs. 10 and 11) , indicating that the UVB was decreasing over time in these regions, and a positive slope of the total cloud amount CoV associated with some areas confirms that the total cloud amount was increasing over time. To further isolate those regions with such high relevancy, the correlation coefficients between UVB and total cloud amount were calculated (Fig.  12) . The area with a correlation coefficient <0 is a negatively correlated area where the UVB decreases when the total cloud amount increases in this area. Thus, the impact of total cloud amount on UVB is significant in areas with greater negative correlation coefficients. The UVB was affected significantly by the total cloud amount in the Pacific-West, Mountain, East North Central, and the northern East Coast (Fig. 12) . 
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Based on the map of spatial correlation coefficients between UVI and total cloud amount (Fig. 12) , regions such as Pacific-West and Mountain regions were closely related with each other when both aerosols and total cloud amount increased along with decreasing UVB. We can infer that although the reduction of total ozone led to the increase of UVB in most areas of the U.S., the increase in aerosols and total cloud amount also caused the reduction of UVB, especially in the Pacific-West and Mountain regions.
DISCUSSION
The effects of clouds on UV radiation depend on their geometry and optical properties. According to four years of observation by Ilyas (1987) , the UV radiation under a cloud cover of 83% declines to 50% of that on a sunny day. The UVB radiation under 100% cloud cover declines to 45% of that on a sunny day. Bais et al. (1993) found that thick clouds decreased the UVB to 80% of total UVB radiation. Frederick and Lubin (1998) pointed out that thick clouds decreased the UV radiation by shielding direct solar radiation from reaching the ground and led to increases in tropospheric ozone absorption of UV.
Aerosols directly affect the balance of incoming and emitted radiation in the land-atmosphere system and cloud microphysical processes; thus, they affect the weather, climate, and the environment of human survival. As one of the important 
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factors affecting UV radiation, the aerosol characteristics of scattering and absorption are influenced by the temporal and spatial distributions of aerosol particles and their physical and chemical properties, including particle size, spectral distribution, and chemical composition, as well as by the optical properties of the surface.
In the plateau regions of higher elevations, UV radiation has a shorter path to Earth through the atmosphere. In addition, at higher elevations, the air is thin, and the air pollution in the troposphere is light so that the scattering and absorption effects of atmospheric composition on UV radiation are relatively small; therefore, the intensity of UV radiation is higher than in lowland regions. We found that with every 1 km increase in altitude, UVI increased by an average of about 7%, an observation in agreement with McKenzie et al. (2001) and Zaratti et al. (2003) . The influences of total cloud amount on UVB in the Rocky Mountain region and on the West Coast at higher elevations are significant (Gao et al., 2010a (Gao et al., , 2010b .
Although the increasing trend of UVB was closely related to the declining trend of total ozone over the U.S. between 1980 and 2002, annual fluctuations of UVB were not completely coincident with changes in total ozone. Given that the cloud optical thickness (τ cl ) is an important factor when retrieving the UVI using TOMS data, such annual fluctuations of UVB were caused by some additional effects such as aerosols and total cloud amount.
The spatiotemporal relationship between UVB and total cloud amounts was delineated by investigating the slope of a linear regression equation; this information indicated that the UVB decreased as the total cloud amount increased over time in northern part of West North Central region and the Great Lakes area of the northern East North Central region. In particular, the negative correlation between UVB and total cloud amount was significant in the Pacific-West region, and in the northern West North Central and East North Central regions.
Overall, the UVB trends over the U.S. between 1980 and 2002 were mainly driven by the effects of total ozone variations combined with some auxiliary factors such as aerosols and total cloud amount. The overall ozone reduction led to an increase in UVB, as the increasing aerosols and changes in total cloud amount resulted in concurrent, collective fluctuations at the peak of the increasing trend in UVB. These interactions and covariations result in the long-term trends discussed in our analysis.
CONCLUSIONS
Based on TOMS data and ISCCP long-term observations, this study conducted a spatiotemporal analysis of UVI in relation to total ozone, total cloud amount, and AI via a GIS platform. Long-term analysis based on remote sensing shows that the culminating effect among three influential factors, namely total ozone, cloud amount, and aerosols, is salient. Levels of UVB, aerosols, and total cloud amount in period II increased relative to period I across the U.S., while total ozone was concurrently decreasing. Although the UVB and total cloud amount did decrease in some local areas, the increasing trend of aerosols was offset by the decrease in total ozone over the same time period. The northern areas with decreased UVB (the northern parts of the Pacific-West, Mountain, West North Central, and East North Central regions) were highly associated with areas of increased total cloud amount and AI. Overall, the UVB trend for the U.S. between 1980 and 2002 was mainly driven by the effects of total ozone variations combined with some auxiliary factors, such as aerosols and total cloud amount. The total ozone reduction fueled the increasing UVB trend, whereas increases in aerosols and total cloud amount resulted in concurrent, collective fluctuations at the peak of the total ozone reduction. The resulting offsetting effect determined the final value of UVB over space and time.
